A NEW OLIGOCENE-MIOCENE SPECIES OF BURRAMYS (MARSUPIALIA,
BURRAMVYIDAE) FROM RIVERSLEIGH, NORTHWESTERN QUEENSLAND

1. BRAMMALL AND M. ARCHER
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Burramys s abundant i the Oligocene-Miocene at Riversteigh, northwestern Queenstond.
Burrcunys bridyi sp. nov, 1s represented by over 150 dentury and maxillary fragnents and
isolated teeth fromn 22 sites. Burramys appears to be marpholugically conservative, with ouly
minos metrical variation between speennens of B ety from dilferent sites and relavively
few featores distinguishing Miocene. Pliocene and Recent species. Phylogenctivc anilyses
suggest that £, bruryiis the plesiomorphic sister-group to all other species of Burruny s.With
B wakefieldi syster-group o the clade comprising B. rriradiates and 5. parnis |
Burramysidae, Burramys briwvi. Riversleigl. Oligocene. Meacene,

J. Brammall & M. Archer, School of Biological Scieace, Universiey of New Sanh Weles,

New Sourh Wales 2052, Australing received 4 Novembear 1906,

Burramys was represented only by Pleistocene
fossils of B. parvus from Wombeyan Caves,
NSW (Broom. 1896) und Pyramids Cave, Victo-
ria (Wakefield, F960) until 1966 when the Moun-
tin Pyemy-possuny, 8. parvis, was discovered
alive wt Mount Hothum, Victoria (Anon,, 1966;
Warneke, 1967). Two more fossil species of
Rurramys have beenidemified: carly Pliocene B,
iriradiatus Trom Hamillon, Victoria (Turnbull ¢t
al., 1987) and B. wakefieldi from late Oligocene
(Woadburne el al., 1993) Ngama Local Fauna,
South Australia (Pledge, 1987). Discovery of
Miocene Burramys  al Riversleigh extends the
geographic runge Far north and provides the first
sizeable Tertiury sample (1 SO specimens ). A melt-
ri¢ analysis of this sample aims o deternine tasa
present and o assess varlabon, Burraniys bruivi
sp. nov. 15 used as the basis tor an evaluation of
intrageneric phylogenetics of Burraney

Dental homology follows Flower (1867) tor
premolar numbering and Luckett (1993 ) Jor pre-
molar/molar boundary and molar pumber. Tooth
positons given without super- or subscript num-
hers refer ta both upper and lower tecth: thus M?
and My are individuat teeth but M4 refers 1o both,
Molar cusp nomenclature faltows Archer (F984)
nol Pledge (1987). Pledge’s paraconid is our pro-
toconids his protoconid is not recogniscd.

Higher systenietic nomenclature Toltows Aplin
& Archer (1987). System nomenclature 18 hased
an Archer et al. (1984) and Creaser (1997). Mu-
teriat referred to s housed in the Queensland
Muscum, Brishane (QMF) or Museum of Victo-
g, Melbourne, (NMVIP) Measurements m
willimetres {mi) are to the nearest DLOmm using
a4 Wild MMS235 Digital Length-Mceasuring Sct

attached to a Witd MSA stereomicroscope. Maolar
lengths und widths and molar row lengths were
measured as the maximwmn dimensions of the
cnamcl-covered crown(s) wath the teeth in ocelu-
sal view, with lengths raken along the un-
teroposterior aais of the oth and widihs
measured perpendicular 1o that axis. For Py in
dorsal view and P? in ventral view, maximum
length was measueed parallel o the apical blade
edge, and anterior. posterior and maximum
widths were measured perpendicular o the blude
edge: baceal and lingual heights were measured
from the base of the enamel at the saddle between
the roots, 10 the median apical cdge. parallel
the posterior edge of the tooth, Statistical analy-
ses were performed using SYSTAT and Kalewda-
Graph data analysis and graphics applications.

METRIC ANALYSIS

Desprte overalt aniformity, Riversleigh
Burramys material shows some varihion i rela-
uve and absolute premolar und molur sizes. Mt
ric analysis of dental leatures attempted 1w
identily patterns which mighi indicate seaual di
morphism, specitic or subspecific separation or
difTerentizuion of populations fromdilferentsises.
Univariate and bivariate distributions and pripwi-
pal components analysis were cimployed.

Cheektooth dimensions (Table 1) for Recent
B parvus populanons refer to keft denution ex
cept where the right dentition was more complete.
Standiurd ervor (SE) s used rather than standard
deviauon (SD) because itbetterindicutes reliahil-
ity of the mean estimate. The caeflicient ol var-
ation (CVi= 8D divided by mean 1 H.
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TABLE 1. Cheektooth dimensions of Burramys species. Results given as: Mean = Standard Error (No.
Specimens) Coefficient of Variation (CV%). CV not given wheren 2. L = length, AW = anterior width, PW
= posterior width, MW = maximum width, LH = lingual height, BH = buccal height.

Riversleigh B. wakefieldi B. triradiatus B. parvus
Burramys

Lower teeth cv cv cv (&Y
PaL 1.81 £0.01 (38) 4.00 | 1.64 ¢)] 258+0.05(4) 368 | 217 £0.01 (21) 1.96
P3 AW 1.03 £0.01 (38) 8.21 | 0.86 09)] 1.04 £0.01 (4) 1.85 | 0.85 £0.02 (21) 10.51
P3 PW 1.22 +0.01 (38) 5.07 | 1.22 1) 1.49 £0.06 (4) 7.96 |1.3240.01 (21) 4.11
P3 MW 1.27 £0.01 (29) 5.58 | 1.22 ¢ 1.67£0.06 (4) 6.61 | 1.39+0.02 (21) 4.79
P3 LH 1.44 £0.01 (37) 525 1.29 ¢} 202+0.04 (4) 3.73 |1.92+0.01 (19) 3.23
P3 BH 1.73 £0.02 (37) 5.64 | 1.51 (1) 244 +005(4) 3.98 |2.22+0.02(20) 3.05
M1 L 1.24 40.01 (32) 3.71]1.21 o)) = 1.57 £0.01 (21) 2.02
M1 AW 0.78 £0.01 (32) 7.89 | 0.86 ') - 1.00 £0.01 (21) 4.23
M1 PW 0.95 £0.01 (32) 5.80 | 0.97 1 - 1.25 +0.01 (21) 3.60
Mo L 1.09 £0.01 (32) 3.72 = 1.55 M 1.57 £0.01 (21) 1.97
Mo AW 0.88 +0.01 (34) 5.55 S 1.23 M 1.21 £0.01 (21) 2.03
Mo PW 0.96 +0.01 (34) 5.67 = 1.32 o)) 1.32 £0.01 (21) 1.90
M3 L 0.93 £0.02 (10) 6.48 - 1.32+0.04 (2) 4.29 | 1.23 £0.01 (19) 1.84
M3 AW 0.84 £0.01 (10) 4.46 - 1.1340.00 (2) 0.00 | 1.06 £0.01(19) 225
M3 PW 0.8540.02 (10) 6.13 = 1174001 (2) 0.61 | 1.07 £0.01(19) 2.76
M4 L 0.66 M = - 0.68 £0.01 (14) 5.88
Mg AW 0.64 @ S S 0.66 £0.01 (14) 6.83
Mg PW 0.50 m = . 0.52+0.01 (14) 7.82
M2 2.30 £0.02 (27) 3.37 = - 3.1340.01 (21) 1.96
M1-3 3.24+0.05 (8) 3.91 - - 434 +0.01 19 1.34
M1-4 3.83 m - - 493 +0.02 (14) 1.29
Ufper teeth

P L 2.01 £0.02 (17) 4.89 - 2594002 (2) 1.09 |227+0.01 (19) 2.60
P3 AW 0934001 (17) 4.32 = 091002 (2) 2.32 | 0.75£0.02 (19) 10.39
P3PwW 1.20£0.01 (17) 4.93 = 1631005 (2) 479 | 1.134+0.01 (19) 3.82
P3 MW 1.25 £0.01 (17) 4.41 . 1634005 () 479 | 1.24 4001 (19) 244
P3LH 1.58 £0.02 (17) 4.67 - 2324002 (2) 1.22 |1.92+0.01 (16) 2.76
P3 BH 1.65 40.02 (17) 4.44 - 216001 (2) 098 | 206 +0.02(18) 3.08
MlL 112 £0.02 (14) 4.86 - - 1.51 £0.01 (19) 1.94
M1 AW 1.16 £0.02 (14) 5.25 - - 1.40£0.02 (19) 7.08
Mlpw 1.17 40.01 (14) 4.14 S - 1.45 £0.01 (19) 4.01
M1 Mw 1.39 £0.01 (14) 3.90 - - 1.68 £0.01 (18) 2.77
M2 1L 0.98 £0.01 (8) 3.45 - 1.22 (1) 1.45 £0.01 (19) 1.53
M2 AW 1.16 £0.01 (8) 2.84 - 1.34 M 1.56 £0.01 (19) 2.20
M2PW 0.93+0.01 (8) 2.40 - 1.10 (D 1.27 +0.01 (19) 3.37
M3 L 0.86 +0.03 (3) 6.43 - - 1.09 £0.02 (18) 8.17
M3 AW 0.9340.02 (3) 2.84 - - 1.19 +0.03 (18) 10.83
M3 PwW 0.7240.03 (3) 7.86 - - 0.88 £0.02 (18) 10.71
M4 L 0.67 £0.02 (3) 5.68 - - 0.77 +0.01 (13) 4.86
M4 AW 0.71 £0.02 (3) 4.97 - - 0.74 +0.02 (13) 8.81
M pw 0.46 £0.03 (3) 10.80 - - 0.51 +0.01 (13) 9.49
M1-2 2.1140.03 (8) 3.40 S - 2.96 +0.01 (19) 1.85
m1-3 298 £0.08 (3) 4.55 - - 4.07 £0.02 (18) 1.63
M1-4 3.55+0.03 (3) 1.33 - - 4.77 $0.03 (13) 1.86

CV is less than 11 throughout and usually less
than 6 (Table 1). Following Simpson etal. (1960),
this degree of variation indicates an unmixed
sample, although Gingerich (1974) cautions
against uncritical application of this absolute CV
criterion and recommends greater emphasis on
relative variabilities of different teeth. In approx-

imately 80% of measurements B. parvis has a
lower CV than the Riversleigh sample, but the
interspecific differences in CV are generally not
great. CVs for B. triradiarus fall within approxi-
mately the same ranges as those for the
Riversleigh and Recent specimens, but are de-
rived from very few specimens and are therefore
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FIG. 1. Frequency hisiograms for seme Jower woth meusurements of Riversleigh Burramys specimens. All

nicasurements immm.

not considered reliable. Total variation {us indi-
cated by CVs) suggests | species of Burramys in
the Riversleigh sample spunning greater variation
than the sample ol Recent B. parvus.

Where variation between taxa 1s small (as s
likely with small-budied taxa), it may be ob-
scured by epigenetic morphological variation, by
tooth wear or by measurcment error; metric dil-
lerences between closely related taxa are most
likely to be detected by examining structures with
the lowest levels of such variation. Ms, in the
cenire of the Py -My tooth row, is in that sense the
mosi [unctionally integrated ol these teeth; it nay
therelfore be cxpected to be least variahle
(Gingerich, 1974). Similarly, towl molar row
tengths may be more tighdy conrolled than the
lengths of individual molars. Mz dimensions and
maolarrow measurcments (including pariial molar
row measurements such as My.z fength) are gen-
crally the least variahle measurcments in B
parvus and Lhe Riversleigh sample; P3 length is
slso relatively constant (Table 1), Thus analysis
ol the Riversleigh sample was focused on P3 and
Mi.2, although all othcr measurciments were ea-
mnined.

Frequency histograms lor some mcasurements
are bimodal, while others are either unimodul or
perhaps ancipiently himodal. Mi» length (Fig.

1C), with CV=3.37 is bimodal. M2 length (Fig.
1B: CV=3.72) and P3 buccal height (Fig. IF,
CV=5.6:4h are considered bimodal, though not
with certainty. My length (Fig. TA; CV=3.71)
may represent a bimodal distribution but could
cqually be a sample trom a unimodal. normal
distribution; Ps length (Fig. 1D: CV=4.00) und P3
posterior width (Fig, 1E: CV=5.07) distributions
cauld cach be described either as huving 2 or 3
peaks. or s representing single normal distribu-
tions, Kohmogorov-Smirnov Liltiefors wests indi-
cate that some ol the univariate distributions
differ signilicantly trom normal (Tuble 2) and
comparison with Table 1 shows that these include
several with low variation. Thus univariate Ire-
gueney distributions hint that the sample repre-
sents more than one population. but do not
provide a bisis for subdivision.

Bivariate plots (Fig. 2) suggest no clear divi-
sions other than those evident in the univariate
distributions, such as the apparent bimodahly ol
Mg length (Fig. 1B, 2B). They show thal speci-
mens [tom Systems B and C have overlapping
distributions, but thal for some measurements,
specimens from System C sites are, on average,
smaller than specimens from Sysicin B sites. This
is 50 fur My tength and Py length (Fig. 2A, 2C,
2D)yuand o a lesserexient for Ma length (Fig. 2B),
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FIG. 2. Bivariate plots for some lowertooth measurements of Riversleigh Burramys specimens. All measurements
inmm.

TABLE 2. Column 1, Kolmogorov-Smirnov Lilliefors tests for normality. Probability (P) values below 0.05
indicate a difference from normality significant at the 95% level. Columns 2 and 3, mean values for Systems
B and C respectively. Column 4, Students t-tests; P indicates a significant difference between Systems B and
C. Abbreviations as for Table 1.

Lilliefors Test (°) | Mean-System B | Mean -System C T-test (P)
PsL 0.088 1.82 1.79 0.266
P3 AW 0.175 1.03 1.05 0.474
Py PW 0.455 1.22 1.22 0.928
P3 MW 0.678 1.26 1.29 0.211
P3 LH 0.215 1.43 1.44 0.923
P3 BH 0.904 1.72 1.76 0.254
M1 L 0.002 1.25 1.21 0.071
M1 AW 0.193 0.79 0.76 0.268
Mi PW 0.072 0.96 0.95 0.625
Mo L 0.009 1.09 1.09 0903
M»p AW 0.009 0.87 0.91 0.041
M»> PW 0.585 0.95 0.98 0111
M3aL 0.593 0.93 0.98 0.458
M3y AW 0177 0.85 0.81 0.394
M3 PW 0.038 0.85 0.81 0.458
Mi.2 0.054 2.32 2.27 0.226
Mi_3 0.001 3.25 3.16 0.529




NEW OLIGOCENE-MIOCENE BURRAMYS FROM RIVERSLEIGH

@® =SystemB [ =SystemC A =C+ (Encore Site)

FIG. 3. Specimens of Burramys from various sites at
Riversleigh plotted on principal componcnt axcs ob-
tained using !l measurcments from P3 and Mj.).
Eigenvectors recorded in Table 3. X = first principal
axis, Y = second principal axis, Z (perpendicular to
page) = third principal axis. Solid linc encloses spee-
imens from System B sites. Dashed line encloses
specimens from System C sites, including Encorc
Site. Dotted linc excludes from System C ‘aberrant’
specimen QMFE30104, indicated by arrow.

but appears not to be the case for Pybuccal height
(Figs 2C). M2 posterior width shows the opposite
trend (Fig. 2B), whereby System C specimens are
on average larger than Syslem B specimens.
Student’s (-tests show these diflerences to be
non-significant at the 95% level (Table 2), but a
principal components analysisemploying dimen-
sions of P3 and M.z (Fig. 3, Table 3) confirms

(8%
n

that total variation is explained partly by System
C specimens being smaller than system B speci-
mens. Eigenvectors for component 1 are all pos-
itive (Table 3). indicating that this is a general
‘size component’; specinicns scoring high on the
first component (i.e. falling further towards the
positive, or right-hand side of the X-axis in Fig.
3)are larger than thosc to the lelt. Although there
is considerable overlap between Systems B and
C, thc eentre of mass of the System B distribution
is further to the right than that for System C.

Specimens from Encore site (younger than Sys-
tem C, ?early late Miocene) cluster at one cx-
treme of the System C distribution, with the
exception of a single large aberrant specimen
QMFEF30104 from Gag Site (Fig.3). In the System
B-System C continuum (Fig. 3) the cluster ol
Encore Site specimens falls on the ‘older’ (Sys-
tem B) end ol the System C spectrum.

Despite the apparent trend of mean difference
betwecn specimens Irom Systems B and C, spec-
imens Itom both Systems are present in each ol
the apparent peaks of the univariate distributions
(Fig. 1A-F). This suggests that the underlying
structure of the sample is not simply anagenetic
change tracked from the older System B sites to
younger System C sites, though such may have
occurred. The bimodality of scveral of the Tre-
quency histograms may reflect sexual dimor-
phism and/or 2 roughly contemporaneous taxa.
This suggestion is also supported by data plotied
against sites arranged in estimated stratigraphic
order (Fig. 4A-F.) Although samples from indi-
vidual sites are inadequate to compare within-
and between-site variation statistically, variation
between sites is only a little greater than that
within Upper sitc, provenance of the largest sam-
plc. Caution is thercfore necessary when interpre-
ting apparent between- or across-site trends (such

TABLE 3. Results of principal components analysis using 11 measurements of P3 and M.z of Burramys

specimens from Riversleigh. Abbreviations as for Table 1.

Component 1 2 3 4 5 6 7 8 9 10 11
EigenValue: 4971  2.177  T1.179 0.803 0.638 0.497 0.336 0230  0.097  0.049  0.022
Percent 45194 19.790 10.716 7.299 5801 4519 3.056 2.092 0.883 0.447 0.203
Cumulative

percent: 45194 64.984 75.699 82998 88.799 93.318 96.374 98.466 99.350 99.797 100.000
Eigenvectors:

MjL 0.304 -0.297 0.076 0510 -0328 0126 0.172 -0.398 0.088 0.304 0.376
M AW 0.323 -0.178 -0.285 0.040 0397 -0500 0.507 -0.020 -0.033 0.188 -0.282
MPW 0.387 0.005 -0.265 -0.199 0131 -0.356 -0.414 0.033 0006 -0.188 0.623
ML 0209 -0.48% 0.152 -0.278 0293 0353 -0.240 0.294 0277 0.426 -0.060
MpAW 0.203 0.368 -0.472 -0204 -0.053 0535 0.381 0193 -0138 0152 0.213
MoPW 0.362 0.150 -0.390 0.127 -0.107 0.168 -0.380 -0.299 0338 -0.150 -0.518
M1 0.324 -0.403 0.142 -0.106 0051 029 0.099 -0.117 -0.507 -0567 -0.111
P3L. 0363 0.015 0.179 0.117 -0.512 -0.184 0.118 0.666 0169 -0.164 -0.117
PaPW 0.188 0.344 0.215 0617 0510 0.146 -0.184 0.248 -0.204 0.018 0.016
PaLH 0.322 0303 0.313 -0.303 -0.219 -0159 -0.198 -0.191 -0.468 0.461 -0.187
P3BH 0.250 0.332 0498 -0.258 0.211 0.056 0.313 -0.267 0.486 -0.218 0.112
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as size dectine over time) as being significant.
Although site 8 (Fig.4) includes Ten Bags Site,
Mike's Potato Patch and Upper Sile, most speci-
mens ure from Upper Site and these span the
range ol variation at site 8.

If two morphotypes are present they are both
represented in Upper Site (Fig.4). Muirhead
(1994) demonstrated size-guilding comparable lo
that m Recenl mammal communitics among 7
Upper Site bandicoot species separaled on size;
this i possibly due to competitive displacement
ol taxi that eat size-variable foods such as seeds
or insects within a singfe community. Thus,
Upper Site probubly represents a single diverse
community and the 2 morphotypes ol Burramys
could be sexual dimarphs or sympatric laxa. We
reject sympatry because of morphological consis-
tency of specimens Falling near the peuks in the
M..2 length distribution; the size dilference be-
tween those peaks is 100 small (Roth, 1981) 10
represent 2 species in different niches at the sume
level of 4 Tood weh. The ratio of the second peak
to the first (Fig. 1A-C) 15 1.06, short of the olten-
cited cutoff value of 1.3, (Roth (1981) showed
that the ‘constant ratio rule” is empirically timsub-
stantiated, but suggested that character disptace-
ment is unlikely to be indicited by ratio values
lower thun 1.3.)

Challenging the likelibood of cither sexual di-
morphism or sympatry is the fact that some spec-
immens are n the higher peak of apparently
bimnodal distributions for some measurements,
but the lower peak for others; whereas other
specimens remain in one peak or the other for all
or most measurements. There appeurs to be no
combination of featwres that can be used to sub-
divide the sampte; Lhis is supported by the multi-
cariate analysis (Fig. 3) which fiils o divide 1he
sample. A general trend to declining siz¢ through
Systems B and C (Figs 2.3 4A.C) iv evident, but
some Encore Site specimens suggest reversal of
the trend.

SUMMARY

Riversleigh Burranrys specimens may repre-
sent two poputations. Patterns of variation also
suggest a ctine of dereusing size through nme:
however, smatt sample sizes und uncertainty of
relutive ages limil the reliability ol this ohserva-

S=Wayne's Wok; 6=Cuamel Sputum, Neville's Garden
and Dirk™s Towers: 7=Inabeyance: 8=Ten Bugs,
Mike's Potata Patch und Upper Site; 9=Kungaroo Juw:
10=Gag: 11=Last Minute; 12=Main Site: 13= Jim’s
Jaw; 4=Wang; |3=Encore.
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tion. [Mtwo populations have heen sampled, mag-
nitude and distribution of variation suggest thal
these ure males and females of | species, Extant
populwtions of B. parviey are not dentally dimor-
phic (Brammall, unpubl, ), but their slpine habiral
is far removed from the Mijocene rainforest gnvi-
ronment al Riversleigh (Archeretal., T98Y, 199 1)
50 it s not possible © infer that Recent and
Miocene Burramys share population siructures,
We recognise a single new species.

SYSTEMATIC PALAEONTOLOGY

Class Mummalia Linnacus, 17358
Supercohort Marsupialia Ilhger, 1B1 1
Onler Diprotodontia Owen. 1866
Superfamily Burrimyoidei Broon |RYS
Family Burramydae Broom, 1898

Burramys Broom. 1896

Burramys brulyi sp. nov.
{Figs 5-9: Tables 1,4)

FTYMOLOGY For the late Arthur Bruty who, to-
gether with his daughier Elaine Clacke, helped colleer
many specimens ind discovered Bruty & the Beast Site
o the Gag Plateau.

MATERIAL. Holotype QMF3102 (Fig. 5), 4 lelt
dentary (DEN) with Iy, P13, M.z and alveoli for 12
and M3-4. The tip of Iy s missing, as wre the condylar,
ungnlur und coronoid processes, Paratypes QME30] 76
(Fig. 6), R DEN with P23 M (-4, broken anterior 1o P2
andmissing the uscending ramus and condylar, angular
andmm{mmd processes, QMF30091 (Fig. 7), L maxilla
with P? + el palate medial 1o cheekiecth, Types
[rom early o mid Mioeene Upper Site on Godihelp
Hill, DSite Plateo,

Other material: SYSTEM A - White Hunter Site,
QME23344 RM2; QMF23500, DEN with RP3, SYS-
TEM B - Camel Sputum Site, QMF20732, DEN wuh
RM1. Py QMIF20735, R DEN; QMF20736, M2,
QMF30090, maxilla with LP23, M), QMF30107.
DENwath L1y, Paog, M2, OMIEE30 110, Dl NwithRly,
P* 3 M2 Inabeyanee Site: QMF3I007Y9, DEN with
PR, Mi-3. Mike's Potglo Patcty Site; QME20759,
mNmml Ma: OMFE20760, LM QME0761, Py or
P Neville's Garden Site: QMIR207 18, DEN with 1KP3,
M, QME20748, LM2; QME2Z0902, DEN with R1, 5,
M1; QMF23349, DEN with LP3. My-2; QMF23370,
DEN with RPa, My, QME23511, DEN with RP3:
QMI24261 . il wilh RP2 3 QMI30089, maxilly
with RP22. M -2 QMF30002, mailla with RP2-3,
M ummnm DEN with RP3, M1; OMF30114,
IP‘;QMFN)H‘ DEN with LP3, My.2; QMF30271.
KM Oubsile: QMP20769, 1. 1) N QNTI3008L,
DENWIth LT, P14, M-z, RSO Site: QMEI008 |, DEN

wilh 1P+, My.3; QMF30084, DEN with R171. P3, M-
QME30094, mmull.n with RP2: ()MMI)M{) L.P5
QOMF30141, LPY, QMF30142, RPY. Ten Bags Site!
QMIEE23502, DEN with LP3, M) Upper Site
QMFE20774, DEN with Rl OMTF20775, DEN with
L1, P3, OME20776, DEN with RP3, QMF "()777
DEN with RM2; QMF20785, maxilli with RM©
QMFE20786, DbN W|1IIIM| 3, 3 QME2O07RT. m.ﬂ
illa with LMT, P23, QME20788, maxilla with 1M1
OMFE30082, DEN \w(hl P, M2 OMFE30083, DEN
with RP2.3, M) 2; OMIE 30085, l)l*N with LI, P4, My
QOME30086, DEN with RIp, P2 3. M2, QMF?UOH
naxilli with 1P QMH()(IH m.mll.\ willy Lp2-3
OME30091, m.mlld \ulh LP2 3, Ml QMHOO‘)‘
m.mlld with RPY m!- QMF?(K)% maxilla with
1L.P3; QMF’:LM?‘W muxlllamlh RPY QME3009%. nm}
illa with RP. M!, OMF ’«UOUL) mﬂ‘ulla with RP
QMF30101, maxilla with LPZ3, M1-2 L OMF30102
DEN with Lt(, Py-3, M2 QMF%O!O? maxilla with
LPY, ML QME30106, DEN with RIi, Pas
OMFE30( 11, DEN with LIj, P23, M QMF30112.
DEN with Rly, P3; QME30117, DEN with RP3, Mo
OMPFE301 1K, DEN with RLL P3. My OME30 LY, DEN
with RM2.%; QMF30120, DEN with 1.3, Mj
QME30 121, DEN with L1y, P3; QME30 122, DEN with
LIy, Pz QMF30123, DEN with LP3, M2
OMFIOL24, DEN with RP3, M -3 QMF20125, DEN
with RPy, My QME30127, DEN with LI, Py,
QOMFE30128, DEN with RPa: QME3012Y, R DEN:
QMIF30 130, 30131, 1, DEN; QMF30133, DEN v\nh
RP3. M2 QMF?UIH maxitly with LP2:
RMF30139, RI*=, QMEI30146, 30148, 30149, 30152
LPx QMFI0147, 30130, 30154, 30155, 30179, 30182
P QME30151, 30153, 30174, 30180, 30184 Rl”
(JMF?()]MI LMz QMF3I0)64-30167, LM!;
OME3O168, 30173, 30177 RMI; QMF‘()['J& DEN
wilh RPz2-3. Mjpa: QMFE3IOIST, 30183 RP3:
OME3IOIES, 30190 RM3, QMBP3IOIEG, RM-,
OMF30IR7, L1 OME 301858, Ry, OME3I0TRY, RM’
Wayne's Wok Site: OMI"H?”“' maxilly with RPI-
OMF“()T’() miantlla \wlh RM =2 OME20737. masi -
lary fragment with RPY: QMF"()ﬂh DEN with RMy;
Q’\ll 1744, DEN with RM (. P3. QMF20745. DEN
with LMz.3: QMF’UMG DEN wulh RMi2: OMIF
22616, maxilla with RPZY, MV 2 OMF30108, DEN
with RP2.5, M3, QME301 1(\ DI'N watlt LPa, My
Wayne's Wok 2 Sie: MF20100, DEN with RI 1. P3.
Mi-3: OMF30175, LPY SYSTEM B OR C - Clen al
Ages | Sue: QMI”O"()‘» R DbN Cleft of Ages 24
SnL QMF22772, m..mllnwnthRP M1 Cleft ol Ages
4 Site: QMF20767. RPY QMF20835, RP:
QMPF20836, RPy; QM!-"""()() RPY. SYSTEM
Encore Site; QMEI0752, 1.M3; QMFE20753, 1.Py;
QME20754, LM, QMEZ0904, DEN with RM 2. 2
5 OMEP23462, DEN with RM -2, Py QME24 3354,
DEN with [LM2; QMF24424, DUN with IM{
QME24426, DEN wuhLl| Pz, Mz: QMF24552. RP:
QMF24727. DEN with LI, P3, M2 Gag Site-
OMH()(WK DEN with RP3, QMFE30093, m¢ willa with
Lp+: QMEINIOS. DEN with LI, M2 Py
OME3DI 34 L DEN, QMF301 35, DEN with 1.P3, M1-



FIG. 5. A-C. Burramys brutvi n. sp. holotype QMF30102. Left dentary with 1} P2.3 M.2in (A) buccal, (B-B’
occlusal stereopair and (C) lingual views. D-F, Burramys bruvi paratype QMF30091. Left maxilla with P-
M 4in (D) buceal, (E-E*) occlusal stercopair and (F) lingual views. Scale = 2mm.

QMF30137, LP3, QMF30156, LM2; QMF30157.
RM!; QMF30158, RM; QMF3016l, LM%
QMF30170, RP3; QMF30171, RP3. Henk's Hollow
Site: QMF30172, LP. Jim’s Jaw Site: QMF30178,
DEN with RP3. Kangaroo Jaw Site: QMF30115, DEN
with RP3, M1.2. Last Minute Site: QMF30105, DEN
with Ri1, M1.3. P2.3; QMFE30116, DEN with RP3,
Mi.2: QMF30143, LP3 QMF30144, RP3;

MEMOIRS OF THE QUEENSLAND MUSEUM
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QMF30145, LP3 apical fragment; QMF30162, RM?;
QMF30163, RM3; QMF30169, DEN with RP3, M.
Main Site: QMF30109, DEN with RP3. Ringtail Site:

MF20756. RPY, QMF20757, maxilla with RM1-2,
P} Wang Site: QMF20763, maxilla with LP3:
QMF20766, DEN with RMj, P3; QMF30272, RP3.
AGE UNCERTAIN - Creaser's Ramparts Site:
QMF20771, LP3.
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FIG. 6. Burramyshrinyi paratype QMF30176; occlusal
stercopair of right dentary fragment with P2.3 and
Mj.a. Scale =2mm.

DIAGNOSIS. DilTers from B. triradiatus and B.
parvus in being smaller, in having upper and
lower plagizulacoid P3 smaller and with fewer
(5-6) cuspules and associated ridges and in hav-
ing 2-rooted upper and fower M4, Dentary and
maxilla more robust than in B. parvus, with
smaller palatal vacuitics, shorter 12-P2 interval
and less reduced posterior molars. Pz with Targer
crown and larger posterior root thun that of 5.
wakefteldi and diverging less lrom anteroposter-
ior molur row axis. P2 double-rooted: single-
rooted in B. wakefieldi. Distinguishable from 8.
wakefieldi and 8. parvus by My cusp momhol-
ogy: protoconid more lingual in B, wakefieldi
than 8. parvus or B. bruavi; metaconid more un-
terior in B. parvus than B. bruryi ot B, wakefieldi.

COMPARATIVE DESCRIPTION. The dentary
of 8. brurvi is subequal 1o that of B. wakefieldi in
size and shape. Both are more robust than that of
B. parvus but Slightly less so than that ol A
rriradiatus. The leading edge of the ascending
ramus of B. brutvi is considerably more robust
und rises at a steeper angle [yom the horizontal
axis ol'the dentary than docs that of B, panus, but
not guite as steeply as that o B. triradiiis. The
12-1%2 interval is shorter in B, bruryi than in 8.
parvus butis not as short, relative o the length of
the ramus. as that of 8. triradiatus.
Lowerdentition. Iy is long, stender and procum-
bent, with the tip curved upwards and shghtly
twisted. It is slightly less procumbent in B. brutvi
thanin 8. parvus, The crown ol 1y 15 busally about
the same dorsoventral thichness in A Dearyd and

LES

B. parvus but a litile thicker in 8. triradiutus. 1,
of B. bruryvi thins abruptly about half way along
its exposcd Iength. with the anterior hail ol the
woth being narrower than the posterior half, n
tateral view [y of B. briayi 1s more curved than in
the other species.

12 has not been idennfied in 8. braivi. K
wakefieldi or B. trivadiatus. in 8. parvus 1z is
small and single-rooted, inserting into a shallow
alveolus directly behind the posterior alveolar
marginof 1; his cecown inclines forward o overlie
1, posterobasally. In some specimens ol 3. hruryi
there appears to be the remnant of « small alveo-
fus in the fragile region between 1) and Py, sug-
gesting a small, single-rooted 1o

Py is small, 2-rooted and cap-like, the crown
swelling beyond the roots in all directions, There
ix @ minor ridge slong the unteroposierior axis ol
the 1ooth, with the crown sloping away from the
crest on each side towards the lingual und huceid
margins respectively. In darsal view itis almost
circularin vutline, being slightly wider than long.
The crown does not extend as far beyond the roots
posteriorly as it does in other directions, In 8.
parvus the crown is shorter and flanter than in 8.
bruryi and is wlso procumbent, rising shightly w
its anterior end o overlie the posterior end of Iz
it is ovoid in dorsal view (shghtly longer an
teroposteriorly ) and its posterior end is reduced.

The antenor root of Py imsents anterobuccal 1o
the posterior root, The posterior alveolus 1s closer
to the anterior alveolus of Pa than it is o the
anterioralveolus of Py, inserting slightly lingually
and anterior to the unterior alveolus of Pa. The
septum separating the posterior alveolus of Py and
the anterior alveolus ol P: frequently breaks
down so that they {orm o single cavity. In some
speciniens, therefore, there may appear o be only
three alveali in the region which had been oecu-
pied by the 4 roots of Py und Pa. Even with the
septuim intaet, the arrangement of alveoli might
suggest that the posteriur alveolus of Py and the
anlerior alveolus of P2 belonged 1o the same
tooth. Whereas mn 8. braryi the alveoli ol Py and
Paure closely but uncvenly spaced, in 8 parvus
the S alveoli ol 12, Py and P> are evenly spaced
and in the adull amimal there is a small gap
between Py and Py (in subadull or younger wni-
mals the teeth ure closer together).

P2 is similar in shape bur a little larger than Py,
The slight anteroposterior crest lies al an angle
(lingual posicriorly) across the alveolar margins,
directly above an imaginary line joining the cen-
tres of the Pa alveoli. Posteriorty the crown ex-
tends beyond and rises above the roa,
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FIG. 7. Lower cheekteeth of B. brurvi inocclusal view
A-C, QMF 30102, A, LPs. B-B", LM). C-C', LM,
D-D"RM3 ot QMFE30100. E-E', RM4of QMF30176.
B-E stereopairs. Scale = Imm.

terminating m a small cuspule and abutting Ps.
Anteriorly, the crown extends slightly beyond the
root. Lingually and buccally the crown swells out
and Talls away (o a rounded point on each side.
The buccal, ventral apex is slightly higher and
more anteriorly located than the lingual apex. so

FIG. 8. Left upper checkieeth of 8. brigyi paratype
QMF30091 in occlusal view. A, P4, B-B". M!. C-C",
M2 D- D', M3, B-D stereopairs. Scale = Tmm.

that the crown is somewhat twisted. In 8. parvus
P> 1s larger and relauvely longer, with a crown
that extends further beyond the roots, particularly
anteriorly, giving the anterior end of the tooth a
shelf-like appearance in lateral view. The crestis
less clearly defined than in B. bruryvi and approx-
imately parallel to the axis of the [-P: interval.
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The crown of P2 shows less lingual-buccal asym-
metry than in B. bruryi. The posterior end of the
crown rises higher and more steeply than in 8.
bruryi with a distinct hump above the posterior
root of the tooth, posterior to which the crown
increases only slightly in height. The P2 ol B.
rriradiatus is similar to, but larger than, that of B.
bruiyi. It is wider but shorter than P2 in B. parvus
and almost circular in dorsal view. Although it
protrudes beyond the roots in all directions, it is
flatter than in B. brutyi and B. parvus. As with B.
brutyi, the buccal side 1s displaced ahead of the
lingual side and as with B. parvus, in lateral view
the crown has an anterior ‘lip’. The anteroposter-
ior crest is poorly developed. A P2 (NMV
P180016) assigned to B. triradiatus by Turnbull
ctal. (1987) is considerably larger than and dif-
ferent o P2 in the Holotype. It is 1-rooted, in
contrast to P> in the Holotype, which has 2 or 3
roots. NMV_ P180016 could possibly be a B.
triradiatus P2, P2 is not known from B. wakefieldi
but appcars to have been |-rooted.

The plagiaulacoid crown of Ps is longer and
taller in B. bruryi than B. wakefieldi, larger in B.
parvus and larger again in B. triradiatus. Py of B.
brutyi has S or 6 dorsal cuspules and associated
ridges. The anterior edge of Pz rises vertically in
B. bruryi, curving back dorsally 0 an almost
horizontal serrated crest, The anterior profile is
straight in B. wakefieldi, but leans backwards
slightly as it rises to an also horizontal crest. The
anterior root descends from the crown more an-
teriorly and buccally in B. wakefieldi than in B.
brutvi. In B. triradiatus and B. parvus, the ante-
rior profile of Pz curves forward then backward
as it rises, giving the corrugated tooth a ‘fanned’
appearance and increasing the length of the dorsal
edge. In B. triradiarus the anterior root curves
forward slightly as it rises, with its convex prolile
continued by the crown. In B. parvus the root rises
vertically to the base of the crown, then the crown
expands gently forward. The P3 blade is slightly
concave lingually and convex buccally. The ex-
poscd portion of the anterior root of P3 protrudes
further beyond the jaw margin buccally in B.
bruryithan in B. parvas. IUis also in high relief in
B.wakefieldi and B. rriradiatus. In B. parvus, the
postcrior end of the crest has shifted lingually and
backwards (relative to its position in B, brutyi).
Thus the anterior angle between the long axis of
the P3 crest and the molar row is greater in B.
parvusthan B. bruryi, as is the angle between this
crest and its underlying roots. The posterior root
of Ps is also smaller buccally in B. parvus than in
B. bruryi and is smaller again in B. wakefieldi

because the posterior end of the crest and hence
the direction of the bite force in that region has
shifted lingually, The anterior end of P3 is more
attenuated in B. parvus than in the other specics.
Some specimens ol B. brutyi have cracks running
from the dorsal cutting edge basally and back-
wards, stopping ncar the basc of the crown. Pas
of each of the other species have similar cracks.
They are particularly frequent and extensive in 8.
triradiatus. The Pas of B. triradiatus also gener-
ally show more wear on the anterior end of the
dorsal cutting edge than is evident in the other
species.

Lower molars are bunodont in Burramys. They
differ mainly in size, M| cusp morphology and
degree of reduction of My. Some unworn molars
of B. brutyi arc slightly crenulate, unlike other
species of Burraniys, but since crenulation is rare
in B, bruryi and since molars ol the other Tossil
species are poorly known, this [eature is not re-
garded as diagnostic, The molar gradient is
greater in B. parvus than in other species.

M, is approximaitely the same size in B, brutyi
and B. wakefieldi and is larger in B. parvas. It has
two roots in each of these specics. My is not
known from B. triradiarus but judging from its
alveoli was 3-rooted and relatively small, with
Ma< Mi< Mi< Ma. The trigonid rises more stec-
ply against Py in B. brutvi and B. wakefieldi than
in B. parvus, with the protoconid taller in com-
parison to the metaconid. Pz and M) are therclore
more disparate in height in B. parvus than in B.
brutyi or B. wakefieldi. Posteriorly, the crown
extends further beyond the roots in B. parvus than
in the other species. In B. wakefieldi the entoconid
is particularly tall, In all species, the M,
postmetacristid is continuous with the longitudi-
nal axis of the dorsal crest of Pa. In B. brutvi and
B. parvus the premetacristid swings buccally 1
meet the postmetacristid, creating a disjunction
between the P3 crest and the lingual crests of M1,
The postprotocristid/premetacristid angle is more
obtuse at the metaconid in B. bruryi than B.
parvis because the metaconid is more posteriorly
positioned in the former than the latter. The break
in the P3-M, blade system is therefore, longer in
B. bruryi than in B. parvus. In B. wakefieldi the
protoconid is more lingually positioned so that
the crests associated with the Py and My pro-
toconid, metaconid and entoconid form an almost
straight line.

Maj is smaller in B. brutyi than B. rriradiauus or
B. parvus. Mz ol the latter is slightly longer and
narrower than that of 8. triradiatus. It is propor-
tionately shorter in B. bruryi than B. parvus and
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FIG. 9. B. bruryi sp. nov. A-C, left P1.2 with [2 alveolus and anterobasal

2

(A-A") lingual, (B-B’) occlusal and (C-C’) buecal views. D-D’, Ieft P~
QMFE30091 in hingual view. A-D stercopairs. Scale = lmm.

;zorlion of P3. holotype QMF30102 in
-3 and anterior portion of M, paratype
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TABLE 4. Measurements of B. bruryi types. From
holotype where possible. Ma.y lengths and widths,
M3 and Mj-4 from paratype QMF30176. All upper
tooth measurements from paratype QMF30176. Ab-
breviations as for Table 1.

Lower teeth Upper teeth

P L 0.48 PZL 1.01
PP MW  0.55 P2MW  0.60
P, L 062 | |PL 1.91
P, MW  0.64 PPAW  0.92
PsL 1.76 PPwW 121
Py AW 1.07 PPMW  1.21
P3PW  1.23 PPLH 1.56
P;MW  1.31 PPBH  1.64
P;LH 145 ML 1.11
P3; BH 1.76 M!Aaw 117
M; L 1.21 Mipw 121
M, AW 0.83 MIMwW  1.39
M;PW 097 | | M2L 0.96
M, L 1.10 | |[M2AW 1.13
M, AW 0.88 M2pw  0.89
M, PW  0.94 M3L 0.82
MjyL 0.98 M3 AW  0.90
M; AW  0.85 M3IPW  0.66
M3;PW  0.80 | | M4L 0.64
M, L 0.66 M*AW  0.67
M;AW 064 | | M4PW 0.40
M,PW  0.50 M1-2 2.07
Mo 2.30 M1-3 2.90
M3 3.18 M1-4 3.51
My 4 3.83

very slightly shorter than B. triradiatus. M> is not
known for B. wakefieldi. Tt has two roots in each
species excepl for B. triradiatus, in which it has
threc. In a few (<5%) of B. bruryi specimens the
anterior alveolus has, ventratly, a septum (or re-
mainder thereof) subdividing it basally into 2
compartments, suggesting a root bifurcated at its
tip. This condition may bc intermediate betwceen
the 2- and 3-rooted conditions. In B. brutryi and B.
parvus there s frequently a small cuspid halfway
along the lingual margin of the crown, at the
junction of the postmetacristid and the pre-
entocristid. Sometimes the cuspid is not clearly
differcntiated from the postprotocristid. 1t is the
same size in both specics even though the tooth
is larger in B. parvus. The cuspid is not evident in
B. triradiatus, although there is a small dorsal
protuberance on the anterior end of the pre-
cntocristid of NMV P158628. In euch specics the
postprotocristid curves lingually from the pro-
toconid before straightcning and running approx-
imately parallel to the tooth axis until interrupted
by the transverse hypoconid-entoconid lophid.
Postprotocristid curvature 1s less extremic in B.
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brutyi than the other species. The cristid obliqua
lies parallel to the tooth axis, forming a
posterobuccal cingular pocket between itself and
the postprotocristid. In all species the buccal
cusps are bulbous. The hypoconid causcs the
posterobuccal comer of the tooth to extend be-
yond its basically rectangular outline, The lingual
cusps are slightly ahead of the buccal cusps,
skewing the sides of the tooth slightly. They are
more crcscentic than the buccal cusps and, to-
gether with their associated crests, form a blade-
like structure.

Mz is similar to, but smaller than, M2. Cusps are
lower and basins shallower, with the crown sur-
face showing morc wear than M2, Ma is smaller
in B. bruzyi than the other species, is slightly
larger in B. triradiatus than B. parvas and is not
known from B. wakefieldi. Interspecific compar-
isons of Mj are as for Ma except that in B. bruiyi
and B. parvus, but not B. triradiatus, the lingual-
buccal skew is slightly more pronounced than in
Ma. In all species Ms is slightly shorter an-
leroposteriorly than M. In B. triradiatus the pro-
toconid and hypoconid of M3 are subequal
whereas in My the hypoconid is larger. In M3
there is a distinet cleft dividing the rounded pro-
toconid and hypoconid.

My in B. brutyi and B. wakefieldi has 2 roots,
whereas in B, triradiatus ithas 3 and in B. parvus
1, While most specimens of B. brutyihave 2 roots
or alveoli for My, some have 3 and a few had 1
root, Such variation is not evident in the B.
triradiatus or B. parvus. My is not known for A.
wakefieldi or B. triradiaius but the alveoli of B.
rriradiatns suggest that it was far less reduced
than in B. parvus and possibly less reduced than
in B. brutyi. My is low-crowned, with low cusps
which quickly wear down. It is smallcst and most
degeneralc in B. parvus.

Upper teeth of Burramys anterior to P* have not
been recognised from Riversleigh or Hamilton,
so discussion of the upper dentition will be lim-
ited to P>} and M'. Skull fragments and upper
teeth ol B. wakefieldi are unknown. The upper
dentition of B. triradiaius is known only Irom
isolated teeth.

Maxilla. Palatal vacuities arc smaller in B. brutyi
than B. parvus. The anteroventral opening of the
infraorbital foramen is also smaller (and less
round) in B. bruryi, as are foramina in the al-
isphenoid and squamosal. Known bones of the
skull arc morc robust in B. brurvi than in B.
parvus. In both species the maxilla is swollen
around the P3 alveolus, between the lachrymal
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and the intraorbital foramen. This swelling is
niore extensive in B, parvus than B, brurve, with
P2 and the anterior liwit ol the molar tow begin-
ning further forwaed in the living spevies. In
ventral view, the anteromedial Tomit of the zygo-
matte arch o 8. braryi is level with a point mid-
way between the protocone and protoconule ol
MY In B, parvuy it is midway between the
metaconule and protocone of MU The upper
molar pradient is steeper in £, parins than in the
other species, In B, brutyr the molar 1ow rotates
bugcally around the manilla Iron front W bick,
to a greater degree than occurs in B, parvus.

Upper dentition. P2 of &, lruryi is 2-rooted and
sunilar Lo, although slightly largers than, P2, A
weak crest tuns from a sujall cuspule it the high-
est point on the crown, which is midway along
the rinsed posterior edge. to the antenor base of
the crown. Lingually and buccally the crown
slopes towiards the roots. The base of the crown
expands lingually over the pasierior root. exiend-
ing the crown outline posterolingually. This
swelling 1 less pronounced in B, parvay. In
crown view the tooth s teardrop-shaped, being
Just wider than the wransverse diameter of the
antenor 1ot e B parvus, by contrast, the 2-
rooted P2 crown expands heyond the roots Tor s
whole length tmore so posteniorly than anien-
arly). In both species the erown is parallel 1o the
edge ol the medially inclined paluate, lorming an
angle with P2 and the molag row. Althoagh P for
B. iriradiarys has not been identilied, the small,
single-raoted toath (NMV P1EO06). detenmned
by Turnbull et al. (1987) tovbe a P2, is similar o
P=x of B, brymvi and B. parves and is mterpreted
here to he P2,

In B8, bewivi. as in B. triradiatus and B, parvus,
P¥is similar 10 Py, Reyarding P ameroposierior
length, B, brurvi <B. purvus <. trivadiams. P2 is
dorsoventrally shartest m B, brutyi and shghtly
tatler in B, rriradiapus than B parvus. 11 is sinn-
lurly shaped in all three species but in 8. brutyi
the crown deereases i anteroposterior length
fram base to ocelusal edge, whereas in B, porvns
and B, rriradiains the veniral edge of the blude is
atleast as long s base of the erown. Tn apterior
view, Prof B, brusviis as wide as that of B, parvus
arits base, but wpers more rupidly and 1s bence
thicker at the acclusal edge and more robust in
appearance. In B triradiarus the wooth as thicker
basally than i 8. parvies becanse ol o hroader
cinpulumi (sec below), Tris thicker For most ol'its
Netght but tapers o almost as thin an edge as does
B. parvas P Whereas the dentary s inedially
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immediately anterior to Pi. the maxilla of
Burramys wrns medially only anterior o 1= p?
therefore dues not appear to turn out from the
maolar row as much as Py its crost iy approxi-
mately parallel to the molar row. Consequently 1l
does not have o retract anterobasally {as with §73)
(o insert into the hone and unlike Py its anterior
cdge, seen in lateral view. may appear to extend
sligluly forward basally. Probably as a conse-
guence ol this, the buccal-convexiny/lingual-von-
cavity is. in all spevies, less pronounced than in
5 In occlusul view, PYof B, Lravi is hasically
rectangular, but with the antenior ¢nd curving 1o
a rounded point and the posterior corners
rounded. In B. parvus and B. triradiotis s more
ovard, the anterior end ugain bemg o hittle nar-
rower Lthim the postenior end, and pointed. There
is a narrow cingulum, poorly developed at the
anteriorend, along the lingual and buecal sides ol
the crown, The cingulum is very weak in 8.
brasyi, slightly better developed i B, pervys and
significantly better developed in B. rriradiatus. In
this species the cingulum s sometimes
emphasised lingually by a vertical wear Gacet that
ternunates abruptly at the cingulun. In A

treradictus and o some extent in B, parvns the
second und sometinies third bngoal ridges merge
intay the first which forms a curb that ares back
toward the cingulum, This cuth s Tess promioent
in B, hearyt, in which ridges approach the cingu-
lun1 without ierging,

In all species MY has 3 roots — a larger lingual
and 2 smaller buccal roots. In 8. bruryi MV is
wider than it is long. In A parvas and 8.
rriradiatus 1t is about as wide as fong. Inall 3
species there is a swelling anterabuceal to the
paracone such that the anterobuccal corner of the
woth is a hittte larger than the posterobuccal cor
ner. In B, braavi there is a distinet buccal cingular
basin or shell” at the intersection ol the post-
paracrista and the premetacrista extending hack
to the level of the meracone and lTorwurd nearly
as Tar as the paracone. 1tis sometimes delimited
anteriorly by a stall crest running buecally from
the paraconc. In B. parus this pocket is little
more than ua sloping cingular shelf, In 8,
trivadiatus itis a narrow cingulum lollowing the
rounded paracone and metacone buccally
(Tuenbull et al., 1987, fig. SA), The ectoloph of
B. brutyiis roughly parallel to the unteroposterivr
axis of the woth, As with B, parvus, the puracone
is sigmilicanily larger than the other cusps, retain-
ing its height as the woth wears. The proconute
and metaconuole are less developed in B, hrurvi
and B, trivadiotus than in B, parvas. Henee in
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occlusal view, M! of B. braryi is basically rectan-
gular, with the anterior and posterior ends of the
tooth parallel. In B. parvus it is longer and more
curved lingually than buccally because of the
inflated protoconule and metaconule. In occlusal
view there is an indentation between the paracone
and metacone in B. brurvi and B. rriradiatus,
whereas in B. parvus the crown outline between
thosc cusps is almost straight.

M? is rectangular in B. bruryi (shorter an-
leroposteriorly) and considerably smaller than in
either B. triradiatus or B. parvus, in both of which
it is about as wide as it is long. In all species it has
3 roots and a small cingular pocket anterobuccal
to the paracone, bounded lingually by a short
preparacrista that runs perpendicularly from the
anterior edge of the tooth to the paracone. The
buccal cusps and their associated crests are blade-
like in comparison to the more rounded lingual
cusps. In B. triradiatus the buccal cusps are more
pointed and the lingual cusps more rounded than
in 8. bruryior B. parvus. The transverse lophs are
also taller and consequently the cingular and cen-
tral basins deeper. The protocone and metaconule
are more approximated than in other species, as
are the paracone and metacone. In unworn spec-
imens of B. parvus the relative cusp heights are
as reported for B. triradiarus (Turnbull et al.
1987): protoconce exceeds metaconule while
paracone is subequal to the metacone. In worn
M?s of B. parvus the lingual cusps are lower so
that the paraconc exceeds the mictacone which
exceeds the protocone which is subequal to the
metaconule. This pattern of cusp wear appears 10
be the same in B. brutyi.

M? of B. brutyi is similar to M? but is smaller,
proportionately a little narrower (because the lin-
gual cusps arce less bulbous) and with cusps a little
lower. The posterior cusps are more reduced than
the anterior cusps and the metacone, in particular,
is relatively lower, The metaconule is slightly
further forward than in M2 so that the postero-
lingual corner of the tooth is more rounded in
occlusal view, This feature is similar to the con-
dition in B, triradiatus and, even more so, to the
condition in B. parvus. The transverse lophs, pre-
and post-cingula and their associated basins soon
wear down 1o the level of the central basin, M? is
most reduced posteriorly in B. parvis and least
reduced in 8. triradiatus.

M- is larger, both relative to other molars and
absolutely, in B. bruryi than in 8. parvus and is
also less posteriorly reduced. The posterior cusps,
especially the metaconule, are markedly reduced.
The anterior cusps, although low and rapidly

worn, are distinct in unworn teeth and remain
distinguishable until late wear stages. Although
the cusps, their associated crests and basins are
low and quickly levelled, worn M%s ol B. bruryi
shows more surface morphology than those of B,
parvus, in which cven newly-erupted Mts are
almost featureless. M* has 3 roots in B. bruny.
Ride (1956) reports a double-rooled M* in 5.
parvus but it appears [rom the specimens exam-
ined that the basic condition in B. parvus is a
3-rooted M*, perhaps with a reduced number of
roots in some specimens.

INTRAGENERIC PHYLOGENETIC
ANALYSIS

Thirty-five characters were investigated for
their potential to contribute to an analysis of the
relationships between species of Burramys.
Cercartetus nanus, C. lepidus, C. candarus and
C. concinnus were used as the primary outgroup
since Burramys and Cercartetus are sister groups
(Archer, 1984; Aplin & Archer, 1987). Trictio-
surus caninas, T. arnbiemensis, T. vulpecula,
Spilocuscus maculatus and Phalanger carmelitae
were used as asecondary outgroup because DNA
hybridisation indicates that burramyids and
phalangerids are sister groups (Springer &
Kirsch. 1989). Character numbers refer to Table
5: unnumbered characters are not included in the
analysis.

1. Body size. Jaw lengths suggest that B. brutyi and B.
wakefieldi were of similar body size. B, triradiais and
B. parvus are larger and approximately the same size
as each other. Cercartetus lepidus, the smallest of its
genus, is also regarded as the mosl primitive (Archer,
1984). Phalangerids are larger than burramyids but this
is likely to be a derived condition: diverse taxa exhibit
a general tendeney for increasing body size over ume
(Maurer et al., 1992), The small size of C. lepidus
suggests that larger size is apomorphie within
Burramys. In our diseussion of charucter states, a
morphological feature is regarded as large only if its
greater size is independent of increased body size.

2. Robustness. The dentary und maxilla of B. parvus
are more slender than those of other Burramys, despite
being larger. All species of Cercartetus have similarly
slender jaws. Trichosurus, Spilocuscus and Phalanger
are more robust than Cercartetus or B. parvus, bul
being several times larger than burramyids, they do not
form a useful eomparison in this regard. The slender-
ness of Cercartetits suggests that increased robustness
is apomorphic in burramyids.

3. Length of 12-P2 interval. The interval occupiced by
I2, Prand P2 is longerrelative to jaw lengthin 8. panus
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TABLE 3. Charucters and character polarities for intrigeneric phylogenctic analyses of Burramys species,
Plesiomorphic state denoted by 0: 7 indicates that information on charaeter is unavailuble. A und B indicate

alternative dernved states.

Basal thickening of I;

Number of roots P _,
Arrangement of alveoli Py_

Size of P3

Size disparity between P5 rools
10 NumberofridgesP;

11 Curvature of P3 antenor profile
12 Concave/ convex Py

13  Arched dorsal edge P3

14 Divergence of P3 from molar row
15 Transverse compression Py

16 Distinct My talomd and trigonid
17 M; protoconid paosition

18 M; metaconid position

19 Relative length lower molars

20 Neomorphiccuspid

21 Loph(id) developmentM,_3, M2-3
22 No. roots M 5
23 No, roots My
24 Reduction of My
25 Size of maxilla
26 Anterior limit P
27 Rotation of upper molar row
28 Inflation of lingual cusps M!
29 Lingual displacement of M
paracone

OO0 N O UT e RN

vacuities

CO—,—,r O RO = NOO =t QOO = D= O~

Character B. brutyi B. wakefieldi  B. triradiatus B. parvus
Body size 0 1
Robustici
Length of I,-P5 interval
Length ofly

—

«v-4~u-v~u—toov\l—umo—loumc»c:o—-mu~v>w~va—n—xo
»-aoo-—s-\a-\)iumrq»—t—-—-'mwr\)'vm—‘MM-—‘
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oo ~v-vc;

than in B. bruryi or B, weivacdiones, with B. teivadiatus
the shortest. This region is incomplete in the holotype
ol B, wakefieldi bul uppears (o be ubout the same length
a3 in B beurvic This intervad s relutively long in
Cercartes and phalangerids, indicatng that this is the
plesiomorphic stute.

do 1y length. 1y is longer in B. parvusthan B bratyi and
langer again in B triradictns (unhnown in B
wakefieldiy. 1 is shorier in Cercartetus than Burranys
andl is shorter in phalangerids. A long I 1s regarded s
apomorphic,

5. Thickened base of 1y, o B, beatveand B trivadiutus
1 is thick basully (thicker in 8. rrivadicarms) and im-
mediately begins 1w taper; approximiely hall” way
wlong the exposed portion of the tooth it thins markedly
then attenuates to the tip. In 8. paciaes [ tapers griul-
uaty without inarked reduction at a purticular point. In

Cercarteras, Trichosurns, Spilocuscus and Phatunger

Ey does not chinge suddenly i dinmeter. suggesting
that i basally thickened 1y 1s apomorphic.

Shape of P Pyos not known tor B wakefieldi or B.

rradiatus, In B, bragviitis small, rounded and similur
ta P2 tn B parvus Py is inlermediale between the
cap-like P2 and the slightly elongate. procumbent 12
In C. candatny and C. lepidus Ppoand P2 are both
button-like and upright: in C. naous and C. concitnius
P1 resembles 12 almostas much as P2, Trichasirus and
Phalunger species have extensive diasteniata, facking
Py oand P2 analogous to those of burramyids. 11 s
therefore unclear which state of Ppois more
plesiomorphic and although this charncter may be phy-
Jogencucally sigmficant, a satisTuctory polarity assign-
ment cannot be made.

6. Number of roots Pyand P2, Buprays beurvi and B,
parvas have double-rooted Py ound P2, Brurramys
triradiatns has a triple- rooted P2 and double- or triple-
rooted Pr: the number of roots 15 not clear due w
dumage mthe available materinl Prand P2eachappear
to have been single-rooted in B, swakeficldi. P1-P2 of
Cercarietns pOssess Somenmes one and sometinies hwo
roots, P12 of Trichosurus and Phalenger are cither
eatremely reduced or absent. OQulgroup analysis does
not resolve the polarity ol this character, The normal
marsupial premular condition is two-rooted so this is



NEW OLIGOCENE-MIOCENE BURRAMYSFROM RIVERSLEIGH

taken 10 be the plesiomorphic condition. Burrainys
wakefieldi and B, rriradiams are interpreted as having
alternative derived states.

7. Arrangement of P12 alveoli. In B. parvus the alveoli
of P1.2 are in a straight line between 12 and P3. In B.
brueyi the anterior alveolus of P2 is lingual to its pos-
terior alveolus and the posterior alveolus ol Py is lin-
gual to ils anterior alveolus. B. wakefieldi and B.
triradiams have different numbers of roots lor Py-2
from B. briayi and B. parnvus, so their alveoli are not all
hemologous. In all species of Cercarerus the alveoli of
P12 lie 1n a straight line: this is also the case lor
Trichosurus, Spilocuscus and Phalanger (where the
leeth oceur). Linearly-arranged alveoli are therefore
thought to be plesiomorphic for burramyids.

8. Size of plagiaulacoid premolar. The sectorial premo-
lar of Cercarteis and phalangerids (and M| of C.
concinnus) is smalter than that of Burrainys. 1tis there-
fure assumed that an enlarged plagizutacoid premolar
is synapomorphic for Burramys and apomorphic
within the genus. Although P3 of B, parvas is larger
than that of B. wakefieldi or B. bruryi, log-scaled plots
of P3 buceal crown surfuce urea against jaw length
(unpubl. data) suggest that P3 of B. parvus is not
disproportionately large lor its body size. P3 of B.
triradiatus. on the other hand, departs significantly
from the line of best fit lor P3 size against hody size,
being disproportionately large. P3 of B. wakefieldi falls
helow the line, suggesting that it is disproportionately
small, but Studentized residuals do not show its depar-
ture from the line 10 be significant.

9. Relative sizes of anterior and posterior roots of
plagiaulacoid premolar. Buccally, the posterior root of
P3 is smalfer, relative 1o its anterior root and crown, in
B. wakefieldi than in other Burramys. The posterior
root of P3 is smalfer (relative to the anterior root and
the crown) in B. parvus than in B. brunvi, The anterior
root of the large P3 of B. triradiams is massive; al-
though the posterior root 1s comparatively smatl, the
disparity is not as great as that in B, wakefieldi. in
Cercarietus and phalangerids, the anterior and poste-
rior roots of the sectorial premolar are subequal; this is
thought to be the plesiomorphic condition.

10. Number of ridges on plagiaulacoid premolar, In .
bruryvi and B. wakefieldi there are 5 or 6 ridges on cach
of the buccal and lingual faces of P3 and 5 or 6
associated dorsat cuspules. The lack of posterior and
weakness of anterior cuspules in the holotype of B.
wakefieldi appears 10 be the result of extreme wear on
the formerly serrated toeth. In B, parvus there are com-
monly 7 ridges and cuspules and in B. triradiatus. 9.
Phatangerids with smaller, unridged P3s are thought to
he more plesiomorphic than those with larger, ridged
P3s (Flannery et al..1987), all have fewer ridges and
cuspules than Burraurys. Cercartetns nauus and C.
cavudatus have a single sharp dorsat cusp on the secto-
riat premolar and C. concinnus one main cusp on its
premolariform M. A larger number of ridges and
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cuspules is regarded as more derived within Burraniys
and a synapomorphy ol the genus.

11. Curvature of anterior profile of P3. In lateral view,
Piof B. wakefieldi and B. broryihas arelatively straight
(approximately vertical) anterior profile. In B,
triradiatus and B, parvus the crown expands anteriorly
to produce a curved profile, The sectorial P3 of
Cercartetus does not curve forward anteriorly (al-
though the autapomnorphic premolariform M1 of C.
concinnus does). Anterior curvature may be associated
with increased P3 size, with enlargement having been
achieved by anterior extension of the crown. However
P3s of T. cauinus and T, vulpecula, which are curved,
are smaller than those of Spilocuscus and Phalanger,
which are less curved, Size and curvature are therefore
not necessarily linked. It is possible that Miocene P3s
represent primary enlargement of the tooth without the
functional elaboration of other species, in which the
inflated anterior edge may disperse stress, increase
occlusal area, or perform some other function. A
curved anterior profile s regarded as apomorphic
within Burramyidae.

12. Lingual concavity/buccal convexity of P3. The P3
blade of Burramys is concave lingually and convex
buceally (panticularly anteriorly). The contrast between
lingual and buccal curvature is least pronounced in B,
wakefieldi and B. bruryi and more pronounced in B,
parvus and slightly more in B. wiradiarus. As with
anterior profile curvature, this Teature occurs in
Trichosurus but not in Cercartetus, Spilocuscus or
Phalanger. 1t is regarded as apomorphic,

13. Arching of dorsal edge of P3. The dorsal edge ol
P3 is arched in B. parvus; in the other species it is
straight, but in A. rriradiatus there is a slight curvature
at the anterior end of the blade. The sectorial teeth ol
Cercartews do not have a dorsal blade edge homolo-
gous with that of Burrainys and so do not provide a
useful comparison. The dorsal edge of P3 is straight in
phalangerids and this is assumed to be the plesio-
morphic condition,

14, Divergence of P3 from anteroposterior axis of
molar row. In Burramys, the longitudinal axis of P
departs Irom the ramus such that it Torms an angle with
the anteroposterior molar row axis. Thisungle is largest
in B. wakefieldi and is farger in B. parvus and B.
triradians than in B. bratyi. In Cercartetus the longi-
tudinal axis of the lower sectorial teoth is parallel to the
anteroposterior axis of the molar row and within
phalangerines, a more oblique placement of P3 is re-
garded as apomorphic (Flannery et al., 1987). Diver-
gence of P3 from the anteroposterior axis of the molar
row is a synapomorphy of Burramys: within Bierramys.,
the plesiomorphic condition is takento be a less diver-
gent P3.

15. Transverse apical compression of P3. In anterior
view, the crown of P3 of Burramnys tapers from the
base. attenuating dorsally then terminating apically



with a serrated longitudinal median ridgc. This trans-
verse apical compression is least pronounced in the
Miocene species and most pronounced in B.
triradiatus. Crowns of the scctorial premolars of
Cercartetus, Trichosurus, Spilocuscus and Phalanger
arc less attenuatcd than those of Burramys. Increased
dorsal transverse compression is synapomorphic for
Burramys. Laterally compressed P3s are regarded as
more derived than those with thicker apices.

16. Distinction of talonid and trigonid of MJ. In B.
wakefieldi the talonid and trigonid ol M) are clearly
demarcated in occlusal view by lingual and buccal
indentations. In B. bruryi and B. parvus the talonid and
trigonid are less distinct. M1 is not known for B.
triradiatus. Talonids and trigonids are more distinct in
Cercarterus than in Burramys, indicating the
plesiomorphic state. The fused talonid and trigonid
departs further from primitive tribosphenic morphol-
ogy. Alternatively, the structure of M1 in 8. wakefieldi
could be autapomorphic, with the crests defining the
talonid and trigonid functioning primarily as buttresses
for the anterolingual crests which may, in this animal,
have extended the function of P3. However, the lormer
hypothesis is preferred.

17. Lingual displacement of protoconid of Mj. The
protoconid of M is displaced further lingually in B.
wakefieldi than in B. brutyi or B. parvus so that in B.
wakefieldi the crests associated with P3 and the M|
protoconid, metaconid and entoconid form an almost
straight line. The position of the protoconid is variable
in Cercarretus and phalangerids. In the primitive
tribosphenic molar, the protoconid is a buccal cusp, so
lingual displacement is regarded as apomorphic.

18. Anterior displaccment of metaconid of My. The
paraconid is absent in Burramys and the most anterior
lingual cusp is the metaconid. In B. parvus the
metaconid is more anterior than in B. wakefieldi or B.
bruryi, narrowing the gap in the P3-Mj crest. In the
Phalangeridac and Cercartetus position of the
metaconid relative to the protoconid is variable. Out-
group analysis does not resolve the polarity of this
character. The mctaconid of B. parvus occupics the
position that in a plesiomorphic (tribosphenic) molar
would have supported the paraconid, so the anteriorly
displaced metaconid is regarded as apomorphic.

Inclination of M trigonid against P3. The trigonid of
M rises more stceply against the posterior facc of P3
in B. brutyi and B. wakefieldi than in B. parvus. Neither
Cercarterus nor phalangerids give a clear indication of
the polarity of this eharacter. It hus developed anumber
of times in phalangcrids and pilkipildrids und is prob-
ably homoplasious.

19. Relative length of lower molars. M2.y ol Burramys
differ in their lengths (rclative to widths) such that B.
brutryi <B. triradiatus <B. parvus. M2.4 are not known
for B. wakefieldi but judging by their alveoli, they were
of similar proportions to those of B. brutyi. In
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Cercartetus, Triclosurus, Spilocuscus and Phalanger,
the molars are relatively long, implying that this is the
plesiomorphic condition.

20. Neomorphic cuspid at intcrsection of
postmetacristid and preentocristid of M2-3. In B. brusyi
and B. parvus there is usually a small neomorphic
cuspid approximately half way along the lingual mar-
gin of the crown, at the junction of the postmetacristid
and the preentocristid. This cuspid is not present in the
few available lower molars of 8. triradiatus, nor in
Cercartetus, Trichosurus, Spilocuscus or Phalanger,
suggesting that it is apomorphic in the Burramyidae.

Lingual cusps skewed ahead of buccal cusps of M2.3.
In B. triradiaus, the lingual cusps of M2.3 are ahead
of the buecal cusps, skewing the sides of the tecth
slightly. This skew is less evident in B. brurvi and
slightly less again in B. parvus. Cercarteius caudaius
is about as skewed as B. parvus and is the least skewed
of species of Cercartetus, with C. nanus and C. con-
cinnus showing about the same, incrcased degree of
skew. The amount of skew on the molars is variable
within phalangerids, ranging from very minor to quite
pronounced. Outgroup analysis gives no clear indica-
tion of whether skewed molars are plesiomorphic or
derived in Burramys.

21, Transverse loph(id)s of M2.3 and M2-3, The trans-
verse lophs and lophids of M2-3 and M2.3 are more
completcinB. triradiarus than in B. brutyi or B. parvus,
such that the central basins and the pre- and post-cingu-
lar basins of the tecth are deeper and more clearly
dcfincd in the Hamilton species. Cercartents lacks
transverse loph(id)s but this is probably apomorphic
forthe genus; lophs and lophids are well formed on the
molars of the more plesiomorphic phalangcrids.
Burramys triradiatus is thought to be relatively
plesiomorphic in possessing more completc molar
lophs and lophids.

22, Number of roots M|.3. M3 are double-rooted in
B. wakefieldi, B. brutyi und B. parvus, but in B.
triradiatus are 3-rooted. Turnbull ct al. (1987) rcgarded
the 3-rootcd condition as a plcsiomorphic retention.
However, Cercartetus, phalangerids and virtually all
marsupials have 2-rooted molars, making the
plesiomorphic retention of 3-rooted lower molars by B,
triradiatus seem unlikely. The 3-rooted lower molars
ol B. rriradiatus are interpreted as autapomorphics.

23. Number ol roots M4q. My is single-rooted in B.
parvus, double-rooted in B. wakefieldi and 8. bruiyi,
and has 3 roots in B. iriradiarus. Ma of Cercarteius
(whcere it occurs) and phalangerids has 2 roots. The
singlc-rooted and threc-rooted M4 of B. parvus and B.
triradiatus (respectively ) are interpreted as aliernative
apomorphic states derived from a 2-rooted
plesiomorphic condition.

24, Reduction of M4, My is most reduced in B. parvus
and least reduced in B. triradiatus, with the Miocene
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species intermcdiate. Cercartetus lepidus and C.
caudatus (apparently the most plcsiomorphic
Cercartetisyhave M4, though reduced; in C. nanus and
C. concinnus M4 is absent. In Trichosurus M4 is sub-
equal 10 M1.3; in Spilocuscus and Phalanger (which
are generally more derived than Trichosurus) it is
slightly smaller than the anterior molars, Reduction of
the posterior molars occurs frequently and indepen-
dently. Since primitive members ol both outgroups
have less reduced M4, and since reduction of the molar
row posteriorly is commonly a derived state, more
reduced Mys are interpretcd as apomorphic, Although
Mg reduction correlates with M4 root number in
Burramys, it is treated us a separate character since, as
dcmonstrated by the rclative sizes and number of roots
of M1-3in the different species, there is not necessarily
aconnection between molar size and number of roots,

25. Enlarged maxillary vacuities. Maxillary vacuities
are larger in B. parvus than in B. bruryi. The vacuities
of Cercartetus do not resolve this character. Vacuities
are lcss cxtensive in phalangerids than in B, parvus, so
aless evacuated palate is regarded as plesiomorphic.

26. Anterior limit of P3 relative to zygomatic arch. P3,
and therefore the anterior of the upper molar row, is
further forward on the maxilla relative to the jugal
portion of the zygomatic arch in B. parvus than in B.
brutvi. In C. concinnus and C. caudatus the teeth are
further forward than in Burramys, in C. nanus (and
possibly also C. lepidus) the anterior cxtent of the teeth
is similar 1o that in B. parvus. In S. maculatus, P.
carmelitae, T. arhemensis and T. vulpecula, the
cheekteeth commence further forwards. The polarity of
this character is not immediately evident, particularly
as there are a variety of states within Cercarfetus:
however the anterior disposition of the teeth in
phalangerids would argue for that being the
plesiomorpliic condition.

Enlarged P? cingulum. The P3 cingulum is slightly
more developed in B. parvus than B bruryi and signif-
icantly more pronounced in B. rriradiatus, It possibl
developed in conjunction with the enlargcment of P-
and the generation of greater bite forces at the P3s,
functioning as a stopper for P3 during premolar func-
tion (as indicated by postcrolingual wear facets that
stop abruptly at the cingulum n B. parvus and B.
triradiatus) and also protecting the gums from_hard
food particles sectioned by the premolars. P3s of
Cercartetus and phalangerids are not sufficiently sim-
ilar 1o those of Burramys 10 have homologous cingulae,
S0 outgroup comparison cannot polarizc this character.
If the enlarged cingulum is linked to P3 size it is not an
indcpendent character.

Anterior attenuation of P3. In dorsal view, P3 is more
ovoid and in particular, more attenuated anteriorly, in
B. triradiatus and in B. parvus than in B. brutyi. Pl s
insufficiently similar in Cercarterus and phalangerids
10 Burramysto be useful in determining polarity of this
character. Anterior attenuation may be associated with
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P3 sizc and is probably linked 1o anterior inflation of
P3; it is not treated as an independent character.

27. Posterobuccal rotation of molars rotate around
maxilla. Upper molarrow rotationis greater in B. brutyi
than in B, parvus. The upper molars do not rotate
buccally in a posterior direction in Cercartetus, but
they do in phalangerids examincd. Using Cercarretus
as the primary outgroup and applying the principle of
commonality, the rotating molar row of B. bruryi would
be interpreted as more derived than the dental arcade
of B. parvus.

Pronounced anterobuccal cingular basin Ml 1n B
brurvi there is a cingular basin on the anterobuccal
corner of M1; in B. triradiatus there appears 10 be a
narrow cingular pocket and in B. parvus the pocket is
litlle more than a sloping cinFular shelf. Inflation of the
anterobuccal comer of M! is a synapomorphy for
Burranys. It seems that the degree of definition of the
anterobuccal pocket is nversely related to lingual shift
ofthe paracone. Therefore, itis nottreated as a separate
character.

28. Inflation of lingual cusps of M!. No maxillary
material is available for B. wakefieldi. In each of the
other species of Burramys, the lingual side of M! is
enlarged by a protoconule on the lingual margin, ante-
rior to the protocone. Both protoconule and metaconule
are more inflated in B. parvus than in other species and
in association with this, lingual cusps of B. parvus lie
closer to the lingual edge ol the tooth than in the other
species. There is no protoconule in C. lepidus or C.
caudatnus, it is present (rclatively undeveloped) in C.
concinnus and perhaps in a rudimentary state in C.
nanus. There is no protoconule in Trichosurus,
Strigocuscus or Phalanger. An enlarged protoconulc
is considered apomorphic.

29. Lingual displacement of paracone of M!. The M!
paracone of B. parvus is displaced lingually so that the
ectoloph is oblique with respect to the anteroposterior
axis of thc tooth. In B. bruryi and B. triradiatus the
ectoloph is approximately parallel to the tooth axis,
with the paracone more buccal. The M ! paracomne is not
displaced lingually in Cercartetus or phalangerids, in-
dicating that this is the plesiomorphic condition,

A Wagner analysis was performed using both
ACCTRAN and DELTRAN algorithms of PAUP
(Swafford, 1989). Wagner parsimony allows re-
versal or convergence 10 construct trees with the
fewest steps. Where reversal or convergence
would produce an equally parsimonious solution,
ACCTRAN uaccelerates character transforma-
tions, favouring reversal, whereas DELTRAN
delays transformations, favouring convergence
(Wiley etal., 1991). Characters were ordered and
a hypothetical ancestral Burramys, having all
character states 0, was used to root the analysis.

ACCTRAN (Fig. 10) or DELTRAN optimisa-
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FIG. 10. A phylogenetic hypothesis of intrageneric
relationships of Burramys. Apomorphies listed at
nodes; character numbers in boxes refer to Table 5.
Character state transformations indicated by arrows.

tion generated a single most parsimonious tree.
The topology of this tree is identical for both
algorithms. Burramys parvus and B. triadiatus
form a clade to which B. wakefieldi is the
plesiomorphic sister group; B. brutyi is the
plesiomorphic sister group to a clade containing
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all other species of Burramys. For some charac-
ters, the path of transformation differs depending
upon whether transformation is accelerated or
delayed. There are several convergent character
states in the DELTRAN tree, no convergences
and more reversals in the ACCTRAN tree. When
transformation is delayed the following character
states arise convergently in B. bruryi and B.
parvus: loph(id)s of M2-3 reduce; neomorphic
cuspid appears on Ma23; and M) talonid and
trigonid become less distinct. Basal thickening of
I occurs independently in B. brutyi and B.
triradiarus. The relative length of the lower mo-
lars decreases independently in B. bruryi and B.
wakefieldi. With delayed transformation B.
parvus reverses to a more plesiomorphic state of
reduced robusticity and relatively long molars,
and the relative size of My in B. triradiatus in-
creases secondarily. These reversals also occur
when transformation is accelerated, as do the
following: in B. parvus and B. triradiatus the
relative length of lower molars increases (to a
greater degree in B. parvus); in B. parvus the I>-P2
interval increases; in B. triradiatus loph(id)s de-
velop on M2-3 and the neomorphic cuspid disap-
pears from Maz.3; and in B. wakefieldi the talonid
and trigonid of M are relatively distinct from one
another.

Although a single most parsimonious tree was
generated by this analysis, another tree only one
step longer placed B. wakefieldi as the
plesiomorphic sister-group of the other three spe-
cies, and B. brutyi as the plesiomorphic sister-
group of the B. triradiatus + B. parvus clade. A
bootstrap analysis using a branch and bound
search with 100 repetitions, to place confidence
estimates on clades (from ACCTRAN) found the
node defining the B. triradiatus + B. parvus clade
to be supported 84% of the time, but the node
separating B. bruryi and B. wakefieldi occurred in
less than 50% of repetitions. Using DELTRAN
the B. triradiarus + B. parvus clade was supported
78% of the time, and the node separating the other
3 species from B. bruryi was supported by 55%
of repetitions. In both cases, the node separating
B. bruryi and B. wakefieldi is poorly resolved.

DISCUSSION

Burramys bruryi is the only species of
Burramys at Riversleigh and is not known else-
where. Itisrepresented by >150 specimens from
23 Sites in Systems A, B and C; it is one of the
most widely distributed (spatially and tempo-
rally) marsupials at Riversleigh. Its earliest oc-
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currence at late Oligocene (Myers & Archer,
1997) White Hunter Site is of similar age to the
type locality of B. wakefieldi on Mammelon Hill,
Lake Palankarinna, South Australia (Woodburne
et al., 1993).

Metrie analyses did not reveal any significant
size variation between sites; variation within sites
being as greal as between sites. This persistence
in unchanged form from the late Oligocene
through mueh of the Mioeene suggests an un-
usual degree of ecological stasis for the species.

Fossil Burramys in Victoria, South Australia
and NW Queensland shows that small existing
populations of B. parvues are remnants of a pre-
viously more diverse and far more widespread
lineage, now apparently in decline. This fact
urges particular conservation coneern for the ex-
tant species. Although populations of B. parvus
are apparently stable, they are threatened both by
habitat disturbance and greenhouse warming.
which could jeopardise their ability to survive
(Gciser & Broome 1993).
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